Introduction
============

Herbal medicines are used as treatment options by as many as 50% of the western population, where approximately 10% are for the treatment or prevention of digestive disorders ([@R1]). Considering the morbidity attributed to peptic ulcer disease and dyspepsia globally, cheap and readily available treatments will always be in demand particularly for the people of developing countries ([@R2]). The World Health Organization (WHO) defines herbal medicines as finished labeled medicinal products which contain active ingredients, aerial or underground parts of plants or other plant materials orcombination(s) of such whether in the crude state or as plant preparations ([@R3]).

*Allium sativum* is grown globally and is widely used for its pungent flavour as a seasoning ([@R4]). It also represents an important source of antioxidant phytochemicals like diallyl sulfide, S-allylmercaptocysteine and ajoene that are the optimal assurance for neutralizing free radical-mediated inflammation. The plant has hepatoprotective, neuroprotective, genoprotective, immunoprotective, and antioxidative activities ([@R5],[@R6],[@R7]). The garlic plant\'s bulb is the most commonly used part of the plant ([@R8]). The acclaimed medicinal uses of garlic include diaphoretic, diuretic, expectorant, stimulant, antiulcer, antimicrobial, antiviral, antifungal, antiparasitic and antiseptic ([@R9],[@R10]).

*Brassica oleracea L* (cabbage) is a green or purple biennial plant that contains proteins (principally amino acids and essential fatty acids), vitamins and minerals ([@R11], [@R12]). It is a good source of vitamins C, K and B~6~, containing more than 20% of the daily value for each nutrient per meal ([@R13]). It contains significant amounts of glutamine that has anti-inflammatory properties ([@R14]).

Aloe plants have been used medicinally for centuries, amongst the species is *Aloe barbadensis*, which is commonly referred to as *Aloe vera*. It is one of the most widely used healing plants in man ([@R15]). Its major constituents are water and polysaccharides-pectins, hemicelluloses, glucomannan, acemannan and mannose derivatives ([@R16]). It is used as a remedy against a variety of skin disorders ([@R17]); the leaf exudate possesses anti-diabetic ([@R18]), cardiac stimulatory activity ([@R19]), anti-inflammatory and promotes wound healing ([@R20]).

The mechanism of herb-induced gastro protection varies based on the chemical constituents of the herbs. The antisecretory, cytoprotective and antioxidant activities (isolated or in combination) are responsible for gastric mucosal protection ([@R21]). Due to the global economic down turn, drugs are now expensive and may present many side effects during treatment of any disorders. Plants that have curative properties are used to improve cure and prevent diseases such as diarrhea, stomach disorder, asthma, hypertension and peptic ulcers ([@R22]). Information is lacking on the effect of the combination of medicinal herbs to treat peptic ulcers. Against this background, this study was conducted to determine the effect of the combination therapy of medicinal herbs in the treatment of induced upper gastrointestinal injury among albino wistar rats.

Materials and Methods
=====================

**Plant collection and extraction:** *Allium sativum, Brassica oleracea* and *Aloe barbadensis* were purchased from a vegetable market in Benin City, Nigeria. The plant samples were authenticated at the Department of Pharmacognosy of University of Benin, Benin City, Edo State. Two hundred and fifty grams of each of the three plants were washed in water and crushed separately to semi-aqueous form using a mechanical blender. About 500mls of distilled water was added separately to each and agitated for 4 hours and left overnight. The resultant filtrates were evaporated to dryness in an oven at 40°C; the residues were re-suspended and used as the aqueous extract. Of these powders, 100, 200 and 300mg/kg body weights were prepared in 100 ml of distilled water before use ([@R23]). Each rat received 1ml of each extract with the aid of a gavage while they were given their normal feed (livestock grower\'s marsh) and drinking water ad libitum.

**Animal:** A total of 60 albino wistar rats of both sexes weighing between 130g-150g were used. They were randomly divided into groups and kept under standard conditions of temperature and humidity. The rats were allowed to acclimatize for two weeks in the animal house at the Faculty of Life Sciences, University of Benin in Nigeria prior to the experiments. The rats were selected into fifteen study groups: two control groups and thirteen treated groups (4 rats of each). The National and Institutional Guidelines for the Protection of Animal were followed in handling the rats. Food was withdrawn 24 hours prior to the inducement of ulcer on the rats while water was maintained while 20mg/kg of indomethacin in 1 ml of distilled water was administered orally to each rat using gavage except the negative control group.

**Study design:** This study was conducted between April and September in 2015. The control groups which consisted of negative control group received 1 ml of normal saline while the positive control group was given 20mg/kg of indomethacin and sacrificed after 6 hours (groups 1 and 2). Group 3 was administered 20mg/kg of indomethacin and treated with aqueous extract of *Allium sativum* (100mg/kg)body weight), twice daily for 8 days and sacrificed. Group 4 was given 20mg/kg of indomethacin and treated with aqueous extract of *Allium sativum* (200mg/kg)body weight), twice daily for 8 days and sacrificed. Group 5 received 20mg/kg of indomethacin and treated with aqueous extract of *Allium sativum* (300mg/kg)body weight), twice daily for 8 days and sacrificed. Group 6 was administered 20mg/kg of indomethacin and treated with aqueous extract of *Brassica oleracea* (100mg/kg)body weight), twice daily for 8 days and sacrificed. Group 7 got 20mg/kg of indomethacin and treated with aqueous extract of *Brassica oleracea* (200mg/kg)body weight), twice daily for 8 days and sacrificed. Group 8 was given 20mg/kg of indomethacin and treated with aqueous extract of *Brassica oleracea* (300mg/kg)body weight), twice daily for 8 days and sacrificed. Groups 9--11 received 20mg/kg of indomethacin and treated with aqueous extract of *Aloe barbadensis* (100mg/kg, 200mg/kg and 300mg/kg respectively)body weights), twice daily for 8 days and sacrificed. Group 12 was administered 20mg/kg of indomethacin and treated with aqueous extract of the mixture of *Allium sativum, Brassica oleracea* and *Aloe barbadensis* (100mg/kg)body weight), twice daily for 8 days and sacrificed. Group 13 was given 20mg/kg of indomethacin and treated with aqueous extract of the mixture of *Allium sativum, Brassica oleracea* and *Aloe barbadensis* (200mg/kg)body weight), twice daily for 8 days and sacrificed. Group 14 was administered 20mg/kg of indomethacin and treated with aqueous extract of the mixture of *Allium sativum, Brassica oleracea* and *Aloe barbadensis* (300mg/kg)body weight), twice daily for 8 days and sacrificed. Group 15 had 20mg/kg of indomethacin and afterwards treated with cimetidine (50mg/kg)body weight), twice daily for 8 days and sacrificed ([@R24]).

**Ulcer index:** The dissected stomachs and duodena were opened and the inner surface rinsed in saline water. Ulceration was determined using a previously described method ([@R25]). Briefly, a magnifying lens was used to measure the length of lesions within 1mm. Ulcer indexing was carried out using the following scoring system: 0 = no lesion, 1 = haemorrhagic suffusions, 2 = 1 --- 5 small ulcers that are up to 3mm in length, 3 = many small ulcers more than 5 or 1 ulcer of more than 3mm, 4 = many ulcers of more than 3mm, 5 = perforated ulcers.

The curative ratio was calculated using the formula below:

Curative ratio (CR) = (LC-LT/LC) × 100

LC: length of gastric ulcer in positive group

LT: length of gastric ulcer in treated group

**Macroscopic study:** The stomach and duodenum of the control and the treated groups were rinsed in normal saline and spread out with pins on a soft board. This was photographed using a Samsung digital camera to assess the lesion on the mucosa in both the control and the test groups.

**Histopathological investigation:** The macroscopic examined stomach and duodenum were fixed in 10% formol saline for 24 hours. The fixed tissues were processed in an automatic tissue processor machine (Shandon 2000, Leica, Frankfurt, Germany). Tissues were dehydrated in different grades of alcohol, cleared in toluene and impregnated in molten paraffin wax for specified periods in the processor machine. Processed tissues were embedded in fresh molten paraffin wax and allowed to set. Tissue blocks were trimmed at 0µ, sectioned at 3µ and sections were dried on a hotplate for 15 minutes. Sections were stained in Cole\'s haematoxylin and 1% aqueous eosin to demonstrate general tissue structure. Stained slides were dehydrated in various ascending grades of alcohol, cleared in xylene and mounted in Canada balsam ([@R26]). Sections were microscopically examined using x10 and x40 objective lenses.

**Statistical analysis:** The data obtained were expressed as Mean ± SD and evaluated statistically using unpaired t- test. Significant difference was set at *P*\<0.05.

Results
=======

In all cases (100--300mg/kg), after 8 days of treatment, no visible macroscopic signs of ulceration or perforation were observed in all plates when compared with the control. Similar picture was observed in the duodenum as treatment with Aloe vera, cabbage and garlic eliminated all signs of gastrointestinal injury including ulcer and perforation, in the indomethacin induced wistar rats. The combination of all three plant extracts at different concentrations ranging from 100--300mg/kg cleared all visible ulcers and perforations on the stomach of wistar rats. In the same vein, all ulcers in the duodenum of indomethacin induced wistar rats were cleared by the combination of the three extracts, and the same picture was seen irrespective of the concentrations of the combined. Cimetidine cleared all ulcers and perforations in the stomach as well as all ulcers in the duodenum.

The ulcerative index of the stomach and duodenum of indomethacin treated wistar rats were 3.0±1.0 and 1.25±0.50 (figures are in mean ± standard deviation) respectively. Aloe vera, cabbage and garlic reduced the ulcerative index of the stomach and duodenum to zero. The ulcerative index after treatment with Aloe vera, cabbage and garlic and a combination of the three were significantly lower (P=0.02398) than the ulcerative index before treatment. The same picture was observed on the duodenum (P=0.01539) ([Table 1](#T1){ref-type="table"}). The curative ratio (%) of Aloe vera, cabbage and garlic and a combination of the three at different concentrations were 100% in each case.

[Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} are sections of the stomach and duodenum of indomethacin induced rats showing mucosal devitalization, erosion and gastric pit (stomach) and devitalized mucosa composing of necrotic debris, inflammatory cells and granulation tissue (duodenum). The architectural structure of the stomach and duodenum was altered due to the introduction of indomethacin.

###### 

Effect of plant extracts on ulcerative index of the stomach and duodenum of wistar rats

  Ulcerative index (mm)                         
  ----------------------- ----------- --------- ----------
  **Stomach**                                   
  Aloe vera               3.0±1.0     0.0±0.0   0.02398
  Cabbage                 3.0±1.0     0.0±0.0   0.02398
  Garlic                  3.0±1.0     0.0±0.0   0.02398
  **Duodenum**                                  
  Aloe vera               1.25±0.50   0.0±0.0   0.01539
  Cabbage                 1.25±0.50   0.0±0.0   0.01539
  Garlic                  1.25±0.50   0.0±0.0   0.01539
  **Stomach**                                   
  AV + C + G              3.0±1.0     0.0±0.0   0.02398
  **Duodenum**                                  
  AV + C + G              1.25±0.50   0.0±0.0   0.012398

AV= Aloe vera; C= Cabbage; G= Garlic.

Figures are in mean ± standard deviation

![Stomach given 100mg/kg Herbal cocktail and Indomethacin showing A, normal mucosa and B, muscularis mucosa (H&E x 40)](EJHS2606-0573Fig1){#F1}

![Duodenum given 100mg/kg cocktail and Indomethacin showing A, fairly normal mucosa (H&E × 40)](EJHS2606-0573Fig2){#F2}

The sections of rat stomach and duodenum given 100mg/kg herbal cocktail and indomethacin showing normal mucosa on [Figures 3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}.

![Stomach given 300mg/kg Herbal cocktail and Indomethacin showing A, normal mucosa (H&E × 40)](EJHS2606-0573Fig3){#F3}

![Duodenum given 300mg/kg herbal cocktail and indomethacin showing A, normal mucosa (H&E × 40)](EJHS2606-0573Fig4){#F4}

Treatment with the 100mg/kg herbal cocktail brought about healing in both organs as shown on the sections.

[Figures 5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"} are sections of rat stomach and duodenum given the herbal cocktail showing normal mucosa. Section of the stomach given cimetidine and indomethacin showed fairly normal mucosa. The section of rat duodenum administered cimetidine and indomethacin shows mild mucosal sloughing (figures not shown).

![Stomach given cimetidine after induction showing A, fairly normal mucosa and B, muscularis mucosa (H&E × 40)](EJHS2606-0573Fig5){#F5}

![Duodenum given cimetidine and indomethacin showing A, mild mucosal sloughing (H&E × 40)](EJHS2606-0573Fig6){#F6}

Discussion
==========

The majority of preparations of remedies in peptic ulcers in previous studies involved the use of single plant ([@R23],[@R27],[@R28]). The use of multiple therapies in traditional medicine has been shown to increase the efficacy of some herbal medicines ([@R29]). In this study, following treatment with the combination therapy of Aloe vera, cabbage and garlic, the ulcerative index was zero. Treatment with the herbal cocktail showed significant difference when compared with control in both stomach and duodenum of the wstar rats.

The use of more than one plant species to prepare as a remedy for ailments is attributed to the additive or synergistic effects that they could have during ailment treatment ([@R30]). The administration of extract of herbal mixture has also benefited ulcer healing ([@R31]) and reduced recurrence rates ([@R32]). A combination of Aloe vera, cabbage and garlic produced healing of the indomethacin induced upper gastrointestinal tract injury in this study. A similar observation was made elsewhere by Adnan *et al.* ([@R29]) where a combination of aloe vera plant and *Curcuma longa* was used to treat wounds.

Adnan *et al.* ([@R29]) observed that there is no consensus on the dosage and frequency of the medication among healers in Pakistan as the dosage depends on the type and severity of the illness or injury being treated. The mixture of Aloe vera, cabbage and garlic given at 100mg/kg dosage healed gastric ulcers and perforations, and showed normal mucosa. This may indicate that all three herbal mixtures either potentiated each other\'s activity or acted indifferently to produce this picture. This was not observed in the duodenum as a fairly normal mucosa was seen. The reason for this is unclear and will warrant further investigation. Increase of the dosage of garlic, cabbage and Aloe vera to 300mg/kg individually produced fairly normal mucosa of the stomach and duodenum. This may indicate the higher concentration (200mg/kg) or that the lower concentration (100mg/kg) would be more effective in treating gastric and duodenal ulcers. Therefore, there may be a problem with overdose, and this may be very likely in our environment where herbal remedies are not regulated and self-medication is rife. Surprisingly, the mixture of garlic, cabbage and Aloe vera at a dosage of 300mg/kg produced normal mucosa in both the stomach and the duodenum. This may indicate that the harmful effects of individual herbal remedies at higher concentrations were diluted out in the mixture. Therefore, the mixture of the three herbal remedies used in this study is recommended for use. However, toxicity studies are needed before clinical trials and final approval.

In contrast, cimetidine, a drug used for treatment of ulcers produced fairly normal mucosa in the stomach and mild mucosa sloughing in the duodenum of the adult wistar rats. This indicates that the herbal remedies were better than cimetidine in the treatment of gastric and duodenal ulcers in the albino rats. The efficacy of some herbal medicines is superior to that of conventional drugs ([@R33]). This finding agrees with a herbal extract from Alchornea glandulosa that produced a higher curative rate than cimetidine ([@R34]).

In conclusion, a mixture of the three herbs at 300mg/kg was better in healing gastric and duodenal ulcers in the albino rats. The mixture of the three plants exhibited good anti-ulcer activity that warrants further studies.
